The Health-e-Waterways 
Introduction and Objectives
Climate change, urban development and population growth in South East Queensland are putting significant pressure on urban water supplies. Billion dollar investments in new water projects, such as the South East Queensland Water Grid, will enhance and secure water supply to the region. However the potential benefits of these massive investments in physical infrastructure will not be fully realized, without the investment in corresponding cyberinfrastructure. Scientists, urban planners and policy makers require access to integrated water information management systems that enable them to track water movement, consumption and quality across the "whole-of-water-cycle". They require access to high quality, complete datasets and accurate predictive models on which to base water allocation decisions. Understanding and satisfying the competing needs of water users, requires the integration of data and models that reflect the behaviour of many systems including: climate, rainfall, catchments, reservoirs, rivers, agricultural demand, industrial demand and urban demand. The linking of models requires a detailed understanding of: the questions being asked, the data that is available and the relationships between the datasets and models being employed. In parallel with the demand for more sophisticated querying and decision support interfaces, there is a trend towards wide-spread deployment of sensors capturing real-time information including volume flows, water quality, images and video. These real-time and near-real-time, temporal and visual data streams will require more sophisticated, high speed, data processing, indexing and archival services.
The primary objective of this project is to enable and promote the sharing and collaborative integration and analysis of high quality information concerning water. Figure 1 (below) provides an overview of the components and architecture of the proposed system. The combination of semantic web technologies, scientific data servers, web services, GIS visualization interfaces and scientific workflows will enable the sharing and integration of high quality data and models, through a combined integrated water information management system and Web portal.
Figure 1. System overview and architecture
The project will provide a Web portal to the latest relevant data and models for Queensland scientific, education, government, community and commercial stakeholders with an interest in water research, conservation, and management. It will develop and apply leading edge ICT to satisfy the anticipated, unprecedented demand for sophisticated water information integration, analysis and management services globally. It will enable private, secure but integrated access to the vast amounts of water-related data being generated and shared regionally, nationally and globally. It will deliver improved data management services to the partner organizations of SEQ-HWP [1] which in turn will lead to improvements in the security and sustainability of our water supplies in Queensland. Although the focus is on the requirements of South East Queensland stakeholders initially, the services that are generated will be designed to enable easy deployment and application to other regions.
Previous Related Work
We have identified a number of initiative environmental science projects that recognized the role that semantic web technology and Observational Data Models (ODMs) can play to provide seamless, multi disciplinary access to observational data. These projects include:
• . In this project, we will continually review existing efforts in order to identify an extensible and open observations data model/ontology that will unify domain-specific approaches and satisfy the requirements of both the users and a set of exemplary case studies and queries.
Methodology
The research plan comprises six key components which build on top of an innovative combination of semantic web technologies and web services to access, process and integrate data and models held within both centralized and distributed hydrological databases:
1. Identification and prioritization of the key stakeholder user requirements, queries and datasets; 2. Development of the common data models and ontologies to integrate both static and real-time data streams, visual, spatial and temporal data, legacy databases and newly generated datasets; 3. Design and implementation of the semantic interoperability layer on the scientific data server; 4. Development of a Web-based querying, visualization and presentation interface -that integrates GIS technologies (e.g., ARC Hydro) with VirtualEarth-type interfaces, ontologybased queries and SensorMaps -to display the latest integrated data sets through a mapping interface;
Development of a secure Web Portal and
WaterWiki that provides different levels of collaborative access to data, models, services, storage and compute power. Standardized authentication and access protocols will enforce controlled access to resources and software; 6. Development of a model registry and scientific workflow tools. This component will enable users to upload and share models as web services through a common model registry, link them using scientific workflows and execute them over grid computing infrastructure.
Database Survey, Modeling and Integration
The first phase of the project involved identifying the currently available databases that are most critical and relevant to the water stakeholders of South East Queensland. In the long term the stakeholders want to be able to integrate the following datasets:
• However in the immediate short term, the users want to be able to integrate and analyse the data being captured through the Ecosystem Health Monitoring program (EHMP) [5] . This program involves sampling 5 freshwater indicators at 135 sites twice a year and 250 estuarine/marine sites every month. The number of sampling sites and size of the datasets is expected to rapidly expand in the near future, with the planned installation of sensor networks in Moreton Bay. The EHMP data comprises the following databases:
•
Management Action Database (MAD) (SEQ-HWP). Our first activity was a detailed analysis of these databases in order to develop a common data model that will support the integration of these datasets through a common search interface. A detailed report that describes the databases and recommends the best approach for integration is available [6] .
The Common Model/Ontology
The analysis of the existing databases enabled us to develop an Entity-Relationship model that incorporates all of the key classes, properties and relationships. Figure 2 (below) illustrates graphically the model that has been determined by identifying the common toplevel entities from the five key databases that we have analysed. The advantage of developing a model that is object-oriented and based on a common set of top-level entities is that it is extensible. As new databases become available, it will be relatively easy to incorporate these by refining and extending the existing model. Once the EHMP model was determined and agreed, we represented it as an OWL ontology. During the development of this common model, we drew on a number of pre-existing water information models of relevance but refined and adopted to accommodate local terms and parameters:
• The CUAHSI Community Observations Data Model (ODM) [ 
Figure 2. Graphical representation of the EHMP ontology
We will continue to monitor developments towards the establishment of national and international standards for documenting water information and models and ensure that our ontology and approach is compatible with open standards in this discipline.
The next step involved resolving data access agreements with the custodians of the individual databases. This was a very time-consuming process that required numerous meetings and discussions with stakeholder groups to gain their trust and support. We are currently working with the OAKLaw project to identify licenses that could be applied to enable much easier and streamlined access to the databases via web services interfaces.
Once the data agreements were resolved, we were provided with copies of the datasets for local storage and re-use. The Health-e-Waterways Database Survey Report enabled us to identify the correspondence between semantically related entities of the schemas [6] . We then developed XSLT scripts to automate the mapping of the data from the legacy structure to the common model (Figure 2) . We then loaded the mapped data into a common data store on a SQL Server database.
Interactive Querying, Reporting and Visualization Services
In the long term we aim to provide interactive generic querying services over the aggregated data sets. For example, scientists and policy makers will be able to pose queries such as the following to the system: "What will be the ecosystem health outcomes of the implementation of landscape restoration works in the Logan and Albert catchments by 2026?". Similarly scientists will be able to link models across the length of the waterway from upper catchment/farming region to urban areas, estuary, coastal and bay, so they can understand and simulate how changes at either end propagate both backwards and forwards through the water flow cycle and determine which parameters have the most significant effect.
However, initial stakeholder meetings identified the immediate need for a more efficient approach to the production of the annual EHMP Report Cards, published by SEQ HWP [11] . Currently hard copies of the EHMP Report Cards (that report the ecosystem heath grades for catchments in SEQ) are printed and published annually. The process takes about 5 months with the most time-consuming step being the manual generation of the graphs and EcoH plots using Photoshop Illustrator. Politicians and planners from 20 different agencies (including the EPA), 4 universities, 18 local councils and CSIRO, use the report cards to make decisions with respect to land use, water quality, allocations and investments in water recycling plants etc. The report cards provide a standardized method for understanding and comparing the health of catchments between regions and over time. To date, these report cards are largely produced manually, via the following process which is documented in [12] 
Future Work and Conclusions
We are currently only into the 3rd Phase of the 6 phases described in the Methodology section and have significant further work to do in order to evaluate and refine the system based on user feedback. More specifically, over the next 12 months we are planning to focus on the following activities:
• Add ontology-based conceptual querying (based on SPARQL and SQL server) to the Virtual Earth/Google Earth interface; • Investigate periodic automated web service retrieval of data updates from agency databases; • Identify new datasets to be incorporated into the system e.g., near-real-time sensor data, vegetation data and satellite imagery; • Incorporate dynamic MatLab analysis and reporting tools into the IE Browser; • Investigate animated visualizations of modelled water quality/quantity data; • Develop simple services to encourage uploading and quality control of community data -the SPIRE project's Spotter software [13] is of particular interest; • Hold stakeholder meetings and usability studies to acquire feedback from SEQ-HWP users and refine the system; • Establish a Water Wiki for exchange of information between the SEQ-HWP partners. Numerous state, national and international agencies are advocating the need for standardized frameworks and procedures for environmental accounting. The Health-e-Waterways project provides an ideal model for delivering a standardized approach to the aggregation of ecosystem health monitoring data and the generation of dynamic, interactive reports (that incorporate links back to the raw data sets). The system we have described here will not only save agencies significant time and money in generating environmental accounts, but it can be used to guide regional, state and national environmental policy development, based on high quality evidential data.
Although significant further work is required to fully develop the Health-e-Waterways system, we believe that it provides a template for delivering water monitoring data in the most efficient and accessible way.
